The first examples of 2,2'-bipyrimidine ligands incorporating bulky or chiral substituents have been prepared by nickel(0)-mediated homo-coupling reactions of chloropyrimidines.
-2 -Heterocyclic ligands that bridge two metal centres have found numerous applications in coordination, organometallic and metallosupramolecular chemistry. [1] [2] [3] Ligands incorporating two 2,2'-bipyridine-like, chelating binding domains have been particularly important. [2] Of such ligands, 2,2'-bipyrimidine 1 ( Figure 1 ) occupies a special place, as it positions the metals in close proximity (ca. 5.5 Å separation), thereby facilitating strong metal-metal interactions. [4] This ligand was first prepared over forty years ago by Ullmann coupling of 2-bromopyrimidine, albeit in low yield. [5] Recently, two much improved syntheses of 1 were reported [6] that are likely to make it an even more popular bridging ligand. Surprisingly few substituted derivatives of 1 have been prepared and used as ligands. [4] 4,4'-Disubstituted derivatives are potentially capable of displaying various metal binding modes; three mononuclear isomers (A-C) and two binuclear isomers (D,E) can be envisaged ( Figure 1 ). To our knowledge, the only such ligand previously described is the 4,4'-dimethyl compound, which was the subject of a cursory study of its complexes with ruthenium(II). [7] We now describe the syntheses and some metal complexes of two new derivatives, one of which contains bulky tert-butyl substituents and the other possesses fused bornane groups and represents the first homochiral derivative.
[ Figure 1 here]
The 4,4'-di-(tert-butyl) derivative 2 was prepared, as shown in Scheme 1, by Ni(0)-mediated homo-coupling of 2-chloro-4-(tert-butyl)pyrimidine. Initial attempts to effect this reaction using a procedure based on that of Nasielski et al., [8] which we have found to be effective for related heteroaryl halides, [9] proved singularly unsuccessful. Coupling was finally achieved using the zinc-mediated procedure pioneered by Iyoda et al., [10] if only in disappointingly low yield. This new ligand was characterized by mass spectrometry and 1 H and 13 C NMR spectroscopy. Reaction of 2 with one or two equivalents of Mo(CO) 4 (η 4 -norbornadiene) gave an unstable red complex, which was identified by 1 H NMR as the symmetrical mononuclear complex 3.
[Scheme 1 here]
Reaction of 2 with Ru(dmb) 2 Cl 2 (dmb = 4,4'-dimethyl-2,2'-bipyridine) gave, in good yield, a red complex 4, which was isolated as a hexafluorophosphate salt. This complex was
shown by mass spectrometry to be mononuclear and its 1 H and 13 C NMR spectra were readily assigned by comparison with the spectra of related complexes. [11] In particular, the symmetrical nature of the complex and the high-field position of the H6,6' proton signal clearly identified the structure as being that of 4. The visible absorption spectrum of 4 in aectonitrile consists of a combination of a higher energy d−π*(dmb) MLCT transition (442 [4a,12] but with potentials shifted due to the electron donating nature of the tert-butyl substituents. [13] In both these complexes the ligand 2 coordinates in mode A (Figure 1 ), employing the less sterically hindered nitrogen donors, distal from the bulky tertbutyl groups. All attempts to enforce coordination to two metal centres proved unsuccessful.
We have previously described the syntheses of many chiral ligands comprised of bornane units fused to heterocyclic rings, such as pyrazole [14, 15] and pyrazine. [16] As an extension of this work we have now synthesized the first chiral 2,2'-bipyrimidine 5, as shown in Scheme 2.
3-Formylcamphor 6 was condensed with guanidine carbonate to give the known aminopyrimidine 7, which was then diazotised in conc. HCl to give a mixture of the pyrimidinone 8 and the chloro derivative 9, which were separated by chromatography on silica gel. Additional 9 was obtained from 8 by reaction in refluxing POCl 3 , as has been previously described. [17] The chloropyrimidine 9 was then subjected to nickel-mediated coupling to give 5 in moderate yield. This new ligand was characterised by mass spectrometry and 1 H and 13 C NMR spectra, which were assigned by comparison with the spectra of related chiral ligands containing a fused-bornane group. [14] [15] [16] 18] [Scheme 2 here]
Reaction of 5 with one equivalent of PdCl 2 gave a yellow complex, which was characterised by elemental analysis as 10 (Scheme 2). Although the complex was found to be insoluble in common NMR solvents, its structure is most likely 10 given the large size of the camphor substituents. The proposed structure 10 is supported by that of the monomolybdenum(0) complex 11, which was prepared from reaction of 5 with either one or two equivalents of Mo(CO) 4 (η 4 -C 7 H 8 ). The 1 H NMR spectrum of 11 clearly indicated the symmetrical mononuclear structure shown.
The ruthenium(II) complex 12 (Scheme 2) was prepared by reaction of 5 with one equivalent of Ru(dmb) 2 Cl 2 and isolated as a red hexafluorophosphate salt. Analysis by mass spectrometry confirmed that this complex was mononuclear, whilst the symmetrical N1-N1' coordination shown was confirmed by the 1 H and 13 C NMR spectra, which were straightforwardly assigned by comparison with the spectra of related ligands and -4 -complexes. [15] In contrast to the complex 4, in which the Δ and Λ forms of the complex are enantiomeric, the chiral nature of 5 means that the Δ and Λ forms of 12 are diastereoisomeric [19] and therefore distinguished in the 1 H NMR spectrum. For example, the H4 protons of the pyrimidine rings of the two diastereoisomers are observed as two singlets at 7.65 and 7.68 ppm. Only the two most upfield singlets could be unambiguously assigned to specific Δ and Λ forms. Inspection of molecular models showed that in the Δ-diastereoisomer the syn-9-CH 3 protons (0.36 ppm) are positioned above a pyridine ring of a nearby dmb ligand and therefore more shielded relative to the Λ-isomer where the corresponding protons (0.77 ppm) are coplanar with a pyridine ring. The complete assignment of the 1 H NMR spectrum of the mixture of diastereoisomers of 12 would require physical separation of the Δ and Λ forms, [20] which was not attempted.
The complex 12 in acetonitrile exhibits a broad visible absorption band centred around 456 nm, which is probably a combination of MLCT transitions into the ligand 5 and the dmb ligands. The cyclic voltammogram of 12 in acetonitrile comprises a reversible one-electron oxidation (E 1/2 = +1.12 V, versus SCE) and three reversible one-electron reductions (E 1/2 = -1.39, -1.69 and -1.92 V). Thus, this complex is slightly easier to oxidise than 4, but harder to reduce, which reflects the increased electron donating alkyl substitution within the pyrimidine ring.
In conclusion, we have prepared the first examples of 2,2-bipyrimidines with bulky or chiral substituents and shown that they coordinate through mode A (Figure 1 ), with coordination through the less hindered N-donors. Thus far, all attempts to enforce bridging coordination to two metal centres have proved fruitless.
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For general procedures and instrumentation see ref.
21. 2-Chloro-4-(tert-butyl)pyrimidine, [22] 3-formylcamphor 6, [23] 2-amino-(5S,8R)-5,6,7,8-tetrahydro-8,9,9-trimethyl-5,8-methanoquinazoline 7, [24] Ni(PPh 3 ) 2 Cl 2 , [25] Mo(CO) 4 (η 4 -norbornadiene) [26] and [Ru(dmb) 2 Cl 2 ] [27] were prepared by literature procedures. Other reagents were obtained from commercial sources. (2C, C4).
4,4'-Di(tert-butyl)-2,2'-bipyrimidine
Bis-(4,4'-dimethyl-2,2'-bipyridine)-[4,4'-di(tert-butyl)-2,2'-bipyrimidine]-ruthenium(II)-bis-
2-Chloro-(5S,8R)-5,6,7,8-tetrahydro-8,9,9-trimethyl-5,8-methanoquinazoline 8
The amine 7 (1.05 g, 5.17 mmol) was added to concentrated hydrochloric acid (5 mL) cooled below 0°C. Whilst maintaining the temperature below -10°C, an aqueous solution (2 mL) of sodium nitrite (0.46 g, 6.67 mmol) was added dropwise, and the resultant mixture left to stir at -10°C for 1.5 hours. The mixture was then neutralised with NaOH, allowed to warm to room temperature and extracted with chloroform (3 x 10 mL). The combined extracts were concentrated (1-2 mL) in vacuo and absorbed onto a silica gel radial chromatography plate, 
